An enveloped, ether-sensitive, acid-labile virus isolated from Lepomis macrochirus, the bluegill, is described. Virus replication is limited to teleostean cell lines and achieves highest titres in centrarchid cells. As determined by the uptake of tritiated nucleotides and the effect of 6-azauridine and actinomycin D on replication, the virus genome is RNA. The virus has no haemagglutinin or neuraminidase nor does it share antigens with prototypes of orthomyxoviruses, paramyxoviruses or arenaviruses. Thin-section electron microscopy reveals a virion 8o to Ioo nm in diam. associated with the cell surface and intracellular vacuoles. The virus appears to mature by budding and exhibits a prolonged replication cycle and significant cellassociated infectivity. The time sequence of replication indicates that the prolonged cycle is due to maturation rather than to delayed synthesis of RNA and protein.
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The bluegill virus (BGV) represents a novel, hitherto undescribed, type of teleostean virus.
I N T R O D U C T I O N
In I969 a virus and a chlamydial-like agent were isolated in association with epitheliocystis in the bluegill (Lepomis macrochirus) (Hoffman et al. I969) . The unique cytopathic effect of the virus and its resistance to antibiotics distinguished it from the chlamydial agent. Preliminary electron microscopy revealed a virus morphologically distinguishable from any known teleostean virus. Serial passage was accomplished in BF-2 cells derived from L. macrochirus. It seemed desirable to confirm the agent as a teleostean virus, to determine its biophysical characterization and to relate it to known virus families.
METHODS

Virus and cells.
The original isolate of the bluegill virus (BGV) was provided by K. Wolf of the National Fish Health Research Laboratory, Kearneysvilte, W. Va. BGV was propagated in BF-2 cells between passages 39 and 5o. The cells were grown at 24 °C in Eagle's minimal essential medium with iO°/o foetal calf serum (MEM-Io). Cells used in the susceptibility testing (Table t) were cultivated at the temperature and in the medium recommended by the American Type Culture Collection (ATCC) or the cell line's originator.
Replication curve. The replication curve was determined by assaying virus liberated from confluent monolayers of BF-2 cells infected with BGV at a multiplicity of infection (m.o.i.) equal to ten. The virus inoculum was allowed to adsorb for I h after which it was decanted and the cell sheet washed three times with Hanks' basic salt solution (HBSS). The cells were fed with MEM-~o and incubated at 2I °C. The supernatant was sampled at regular intervals and titrated in BF-z cells. To determine cell-associated virus, the cell sheet was washed three times with phosphate-buffered saline free of calcium and magnesium ions (PBS-CMF). One ml of PBS-CMF was then added to the tube and the sample rapidly frozen and thawed three times. The infectivity so titrated was cell-associated virus.
Virus assay. Virus was routinely assayed in quadruplicate in tube cultures at 2I °C. The virus titre was computed after 5 days by the method of K~rber (Lennette & Schmidt, I964) .
Ether sensitivity. Ether sensitivity was determined by standard methods. Electron microscopy. Electron microscopy was performed as previously described (Wolf & Darlington, The electron micrographs shown are by R. W. Darlington.
Temperature sensitivity. Samples of virus were kept at 4, z4, 37 and 55 °C for 24 h and then titrated in BF-z cells to determine residual infectivity. Likewise, temperature stability was determined at 4, 24 and 37 °C for 48 h, 4 days, 6 days and 8 days. A sample of virus frozen at -7 0 °C was titrated prior to freezing, and 97 and T2o days after freezing.
pHsensitivity. To determine the pH stability of the virus, the virus was exposed to MEM-[o at pH 3"0, 5"o, 7'2 and 9"5 at 4 °C for x z h.
Products, Inc., San Gabriel, California, U.S.A.) with a primary output of 254 nm was placed 25 cm from Petri dishes containing virus, providing an estimated dose of 3"5 ergs/ mm2/s. After irradiation the virus was titrated in BF-2 cells.
Re-isolation. Attempts to isolate the virus from feral populations were conducted by homogenization of the midsection of Lepomis macrochirus and Lepomis cyanellis from the brood stock of the Leetown National Fish Hatchery, West Virginia (source of the original isolate) and a population ofLepomis macrochirus from Saylorsburg, Penn. The homogenates were serially diluted in PBS-CM F and inoculated in BF-2 cell monolayers. Experimental infections. Attempts to elicit an acute response were made by inoculating toS"°TCIDso/ml BGV intramuscularly, intraperitoneally, orally and by exposure of the gills to the virus. Fish were anaesthetized with Io p.p.m, quinaldine (Eastman Kodak). Fish were observed for 2~ days and then sacrificed. Attempts to re-isolate the virus from midsection homogenates were made as described above.
Inhibitor studies. Actinomycin D was used in MEM-~o at a final concentration of 5 #g/ml according to the method of Pons 0967). The sensitivity of BGV replication to actinomycin D was assayed at 2 h post infection (p.i.). 6-azauridine (Sigma Chemicals) was prepared as 5 #g/ml in MEM-[o (Portner & Bussell, I973) . Infectivity was assayed at 3z h p.i. Cycloheximide (Sigma Chemicals) was prepared as 0"5 #g/ml in MEM-Io according to the methods of Pons 0967) and Portner & Bussell (t973) . Confluent tube cultures of BF-z cells were inoculated with IoS"2TCID.~0/ml of BGV. After 45 rain the virus inoculum was decanted and the cell sheet washed three times with HBSS. The inhibitors were added at intervals after infection and their effect on virus replication assayed at 3o h p.i.
Labelling with methyl-3H-thymidine and 5-3H-uridine.
Sixty to seventy percent confluent monolayers of BF-z cells were infected with BGV (m.o.i. = IO). The cells were pulsed by adding medium containing 5 #Ci/ml of ~H-thymidine or 3H-uridine at specific intervals after infection and permitting uptake to occur for 2 h. After this time the medium was removed and the cells fixed for IO min with ~o % trichloroacetic acid (TCA) followed by three washings each of cold 5 % TCA and 95 % ethanol respectively. The coverslips were placed in Aquasol (New England Nuclear, Boston, Mass.) and counted on a Packard Tricarb Scintillation Counter. The thymidine experiment was conducted in three segments to cover the time span from o to 30 h p.i.
Cumulative incorporation of 5-~H-uridine. Coverslip cultures of BF-2 cells were infected
with BGV (m.o.i. = Io). At o h MEM-Io containing 5 #Ci/ml of 3H-uridine was added to the cells. At specific intervals after infection, samples were taken and fixed as described above, placed in Aquasol and counted. Control uninfected cells were treated in the same manner.
Incorporation of 3H-amino acids.
At specific intervals after infection a ~H-labelled mixture of fifteen amino acids (New England Nuclear, Boston, Mass.) was added to actinomycin D-suppressed cells. After 2 h exposure to the mixture, infected and uninfected cells were fixed and counted as above.
Fluorescent antibody assay.
Leighton tubes containing coverslips were inoculated with BGV diluted to Io2"STCIDs0/ml. On day 3 when the c.p.e, first became evident or on day 5 when the c.p.e, was extensive, the coverslips were washed three times with PBS-CMF and fixed for 2o min in cold acetone at 4 °C. The coverslips were then air-dried and exposed to FITC-conjugated anti-LCM for 30 min at 35 °C, rinsed twice with buffer, and examined using a Leitz ortholux microscope with ultraviolet illumination.
Neutralization tests. Neutralization tests using triplicate tube cultures of BF-2 cells at 2I °C were performed using anti-BGV serum prepared in rabbits with a neutralization titre of I : I6 and anti-influenza A and B, anti-mumps, anti-measles and anti-LCM sera obtained commercially. The neutralization test was performed with the above antisera versus IOO TCIDs0 of virus for I h at ambient temperatures.
Enzyme determinations. Haemagglutinin activity was assayed in microtitre plates using bluegill, rabbit, brown trout and human O erythrocytes at 4, 24 and 37 °C. Neuraminidase activity was assayed according to the methods of Laver & Kilbourne 0966).
Cell susceptibility
To establish the validity of the agent as a teleostean virus and not a contaminant, fourteen different cell lines representing ten vertebrate classes were exposed to the virus to ascertain whether non-teleostean-derived cell lines could support its replication. The virus had been successfully propagated in BF-z cells, LMB cells derived from the largemouth bass and RTG-2 cells derived from the rainbow trout. FHM cells derived from the fathead minnow had proved to be refractory (K. Wolf, personal communication). In our laboratory BGV replicated to highest titres (IO6"°TCIDs0/ml) in cells of centrarchid origin, BGL and BF-2 cells at passage levels less than 50. BF-2 cells from the Lehigh University stock at passage levels greater than 85 failed to support replication. Likewise, RTG-2 cells at low passage levels supported virus replication albeit at lower titres (IO4"°TCID~0/ml) but were also refractory at higher passage levels. Susceptibility of Atlantic salmon (AS) cells (Nicholson & Byrne, t973) was not confirmed.
Cytopathic effect
The c.p.e, is unique and easily recognizable among fish viruses. The disrupted monolayer is most remarkable in its network of cells exhibiting elongate pyknosis (Fig. I ). Infected cells also show a progressive vacuolization which occurs perinuclearly or dispersively in elongated cellular processes (Fig. 2) .
Growth curve
The replication sequence of BGV was determined by assaying the release of infective particles (Fig. 3) -Virus begins to be liberated at a measurable rate at ~o h p.i. and increases slowly until maximal titres are reached at approx. 48 h. Considerable infectivity remains cell-associated. Some infectivity is released by a single sequence of freezing and thawing. Cell-associated virus is the predominant form of virus until about 35 h p.i. when released virus exceeds that which is cell associated.
Ether sensitivity
After exposure of BGV with a titre of IoS'2TCIDs0/ml to diethyl ether overnight at 4 °C, no c.p.e, was observed when the virus was tested in BF-2 cells at 2I °C. Thus BGV is ether sensitive. This confirms the observations of Hoffman et al. 0969) .
Temperature sensitivity
The extracellular stability of the virus was tested at various temperatures after which its ability to replicate in a susceptible cell line at a permissive temperature was tested. BGV was labile at 55 °C and after I2 h had lost all its infectivity. The virus is also unstable at 37 °C losing 9 o % of its infectivity in one day. At 24 °C, the permissive temperature for replication, Io % of infectivity is lost by day 2 and by day 4 only 5 ~o remains. The virus is stable for 8 days at 4 °C but by day I4 infectivity drops a full log. Virus is stable for long periods of time at -70 °C with no demonstrable loss of infectivity after 9o days. Virus has been grown successfully after a year of storage at -7o °C.
pH stability BGV is pH labile. Reproducible replicate titres were obtained with BGV 0oS2TC1Ds0/ml) held at pH 7"2 for I2 h at 4 °C. Recoverable infectivity after similar exposure was Io3"2TCIDs0/ml at pH 5"0, zero at pH 3"o and IO4"STCIDs0/ml at pH 9"5- 
Bluegill virus characterization
U. v. irradiation
U.v. irradiation rapidly inactivates BGV. Virus with an initial titre of IO'2TCIDs0/ml lost 77 % of its infectivity after 3o s exposure to u.v. irradiation. More than 99 % of infectivity was lost after I rain of exposure and no demonstrable infectivity remained after 2 min irradiation. When ~o survival is plotted against time the dose-response curve is linear.
Electron microscopy
Electron microscopy revealed virus particles consistent with those already described (Hoffman et al. I969). They appeared to be associated with the cell surface and with cellular membrane structures, some of which appear as vacuoles (Fig. 4) . Multilaminar membrane structures occur in some cells and appear to be associated with virus particles (Fig. 5) .
Nucleic acid type
Metabolic inhibitors and uptake studies with 3H-nucleic acid precursors give presumptive evidence that the virus genome is RNA.
Uptake of radioactive precursors
The uptake of ZH-nucleotides was examined in cells infected with BGV and compared to uptake in uninfected control cells. The differential uptake of 3H-uridine by infected cells became evident 5 to IO h p.i. A rapid uptake of uridine by infected cells begins at approx. 5 h p.i. and the linear uptake continues until about I2 h p.i. No such sudden increase in uptake occurs in control cells. After 2o h both curves showed depletion effects as no supplemental uridine was added (Fig. 6) .
In order to assess whether the cumulative curve may have missed a subtle uptake in the first 5 h p.i., a pulsed precursor curve was determined for that interval. No significant Pulse interval, h p.i. difference in uridine uptake could be detected in replicate experiments of infected and uninfected cells during the first 6 h p.i.
D. G. B E C K W I T H A N D R. G. M A L S B E R G E R
The uptake of aH-thymidine in infected cells is indistinguishable from that in uninfected cells until approx. 26 h p.i. (Fig. 7) . At 26 h p.i. there is a dramatic decrease in the uptake of thymidine by infected cells. The sequence of the decrease in thymidine uptake parallels the onset of cytopathic changes in cell culture.
No differences could be discerned between the amino acid uptake of infected and uninfected actinomycin D suppressed BF-2 cells. Fig. 8 illustrates the effect of the time of addition of 6-azauridine or cyctoheximide on the production of infectious virus assayed at 30 h p.i. The replication of BGV is sensitive to the addition of 6-azauridine when added in the first 8 h of infection. After, however, the synthesis of infectious virus became less sensitive to the inhibitor. At I4 h p.i. the addition of the inhibitor had little effect on the virus titres whether these had been previously exposed to the inhibitor or not.
Effect of 6-azauridine and cycloheximide
When cycloheximide was added to infected monolayers at a concentration of o'5 #g/ml its effect on protein synthesis was most pronounced in the first 4 to 8 h p.i. At Io h p.i. the addition of cycloheximide had little or no effect on virus titres.
Enzyme assays
No haemagglutination was observed using homologous bluegill erythrocytes or erythrocytes of brown trout, rabbit or human (type G) origin at 4 °, 24 ° or 37 °C after r, 8 or 14 h.
No neuraminidase activity was detected when BGV with a titre of I@'~TCIDs0/ml was diluted in PBS-CMF to Io -6 and read spectrophotometrically with PBS-CMF as a blank.
Neutralization tests
BGV infectivity was neutralized by the homologous rabbit-derived antiserum. No neutralization of infectivity was noted with antisera to influenza A or B, mumps, measles or LCM. 
DISCUSSION
Preliminary characterization of BGV revealed an enveloped virus which was morphologically unlike any previously described teleostean virus and which was distinguishable from other teleostean viruses by its unique cytopathic effect. Since its isolation was fortuitous the range of cell susceptibility to the virus was determined. Of the cell lines surveyed, the replication of BGV was limited to teleostean cell lines and achieved highest titres in cells of centrarchid origin.
Inoculation experiments in vivo failed to elicit any acute disease in Lepomis species. However, the immunological status of the fish tested was unknown and perhaps studies with fish of known genetic and immunological history might prove more fruitful. To date, the role of BGV as a pathogen of centrarchid fish remains to be defined.
The biological characterization of the virus gave presumptive evidence of an RNA genome. The virus was sensitive to ether and u.v. light, and unstable at non-physiological pH. The virus has a one-step replication curve producing maximal virus titres at 2I °C after about 48 h. Considerable virus is cell-associated until approx. 32 h when released virus exceeds that which is cell-associated. This replication sequence is considerably longer than that observed for orthomyxoviruses but more like those of other RNA viruses such as the paramyxovirus, arenavirus and arbovirus groups.
Initially it had been assumed that the isolate might represent a teleostean myxovirus because of its morphological resemblance to mammalian myxoviruses in thin section electron micrographs (Hoffman et al. 1969 ). It does not, however, cross-react in neutralization studies with mammalian prototypes of orthomyxoviruses, paramyxoviruses or arenaviruses. Rott & Scholtissek (~964) distinguished orthomyxoviruses from paramyxoviruses by their sensitivity to actinomycin D during the first 2"5 h of replication. BGV is insensitive to actino-mycin D added prior to or z h p.i. These observations support the premise that BGV is not a myxovirus, yet insensitivity to actinomycin D indicates that it contains an RNA genome. Also BGV possesses neither a haemagglutinin nor a neuraminidase enzyme, both of which are commonly associated with myxoviruses.
When BF-z cells are infected at high m.o.i., virus particles demonstrating pleomorphism and intravirionic granules can be seen in electron micrographs. Their appearance is similar to that described by Mannweiler & Lehmann-Grube 0973) for LCM virus and by Murphy et al. (I97o) for Junin and Pichinde viruses. The observation coupled with our inability to elicit an acute response to the virus and its replication in association with multilaminar membrane structures prompted an investigation of the relationship of BGV to the mammalian arenaviruses. No serological cross reaction could be found. It does not share the group antigen demonstrable by immunofluorescence described by Rowe et al. 097o) .
Nothing was known about the time sequence of RNA and protein synthesis in the intracellular replication of BGV at the start of the investigation. The replication curve indicated that infectious virus began to be liberated at about Io h p.i. and that infected cells demonstrated increased uptake of uridine when compared with uninfected cells. The cumulative and pulse-labelled uridine uptake assays corroborate the 6-azauridine studies indicating that precursor uptake and RNA synthesis occur during the first 8 to lo h p.i. This RNA synthesis is essential for the production of infectious virus. Addition of inhibitors has little effect on virus titres when added after this time. The effect of cycloheximide is most pronounced in the first 6 to 8 h p.i. After this time, cycloheximide has little or no effect on the production of infectious virus. The thymidine uptake experiment indicates that cells producing infectious virus at Io h p.i. remain alive and continue to shed virus for an additional I6 to 20 h.
It is important to recognize that the inhibitor experiments are able to detect only the last essential RNA and protein synthesis necessary for the replication of infectious virus. Earlier events are not detected. The intent of these experiments was not to pinpoint the exact moment that synthetic events occur in the replication of BGV but rather to supply data to construct the events of BGV replication. BGV was noted to have a prolonged replication curve. Apparently the delay in achieving maximal titres is not due to a delay in the production of essential RNA or protein. Infective virus is first detected at IO h p.i. and it would appear that RNA and protein synthesis necessary to achieve maximal titres of infectious virus are also achieved by this time. The rate limiting step would appear to be some late maturation event involved in the release of virus. A similar conclusion was reported by Portner & Bussell 0973) in their study of measles virus.
The electron micrographs of BF-2 cells infected with BGV would support the hypothesis of a delay in release of infectious virus. Virus often appears associated with membrane-bound vacuoles or in intercellular spaces. This corroborates the predominance of cell-associated infectivity until about 35 h p.i. Beasley et al. (~965) reported similar high levels of cellassociated infectivity with the grunt fin agent (GFA) of Haemulon sciurus, the blue striped grunt. Although infectious virus is synthesized 35 h before maximal titres are achieved, BGV is sequestered and not released until cell death.
Further biochemical and serological characterization will be required to ascertain if BGV is related to other known viruses. Other vertebrate and invertebrate viruses and even the plant virus, tomato spotted wilt virus (Milne, 1967) , resemble BGV morphologically. Two virus families that might be productively investigated are the Coronaviridae and the Bunyaviridae.~ The morphology of BGV in thin-section electron micrographs and its intracellular sites of replication are compatible with the coronavirus group (Oshiro et al. I97t) . Further characterization of the surface projections on the BGV virion and serological studies would clarify BGV's relationship to the Coronaviridae. D . G . B E C K W I T H AND R. G. MALSBERGER
The recently described family, Bunyaviridae, comprises the largest subset of the biologically-defined arboviruses (Porterfield et al. t976 ). In the strict sense, an arbovirus is transmitted by a haematogenous arthropod vector. However, there are viruses which are morphologically and serologically related to the Bunyavirus group for which no vector has been discovered. Arthropods, other than non-haematogenous arthropods, and including crustaceans, have been shown to be infected by viruses (Federici & Hazard, I975) one of which may be a bunyavirus (Bonami et al. I975) . Although speculative, an arthropod source for BGV is possible. There are several similarities between BGV and the Bunyaviridae. BGV conforms to the description of bunyaviruses by Holmes 0 9 7 I) in electron micrographs as well as in the time course of the cytopathic effect and the site of its intracellular maturation. Obijeski & M u r p h y (~977) report that actinomycin D has little or no effect on the replication of the Bunyaviridae and that the time course of protein synthesis is similar to that observed with BGV. Biophysical characterization of the R N A of BGV would determine if it is segmented, as is the genome of the bunyaviruses, and serological tests would determine any antigenic cross-reactivity.
BGV is a novel, orphan, teleostean virus. Although it was originally suggested that the isolate might be a myxovirus or arenavirus it does not possess c o m m o n antigenic determinants with these groups nor does it possess a haemagglutinin or neuraminidase. Further biophysical and immunological characterization of the virus as well as studies to determioe its aetiological role in fish disease might clarify its taxonomic status. To date BGV represents an hitherto undescribed teleostean virus type.
